The characteristics of primary (first) tests with threç enzyme-linked immunosorbent assay (ELISA) kits for human immunodeficiency virus (IIV) antibody were determined. The three ELISAs were performed on 3,229, 3,130, and 685 specimens from high-risk individuals using the Litton (LT; Litton Bionetics Laboratory Products, Charleston, S.C.), Dupont negative optical densities by GS ELISA (fifth percentile nearest the cutotl) and also negative by WB were found to be from individuals in the process of seroconversion.
Products, Charleston, S.C.), Dupont or negative should be viewed with skepticism. A higher than normal proportion of specimens with high negative optical densities by GS ELISA (fifth percentile nearest the cutotl) and also negative by WB were found to be from individuals in the process of seroconversion.
The discovery of human immunodeficiency virus (HIV) (2, 7) was rapidly followed by the development of assays to detect antibodies to this retrovirus. The most accessible of these tests is the enzyme-linked immunosorbent assay (ELISA) (19) . The rapid development of various ELISA kits was directed toward the screening of blood donations, with the intention of ensuring the safety of blood supplies. The manufacturers of these tests recommend that those with positive results should be repeated but that it is unnecessary to repeat those with negative results. It has not been considered economically feasible to repeat all negative results in low-risk populations.
Different ELISAs for screening sera from populations at low risk (6, 11, 15) , those with the acquired immune defiçiency syndrome (AIDS), or those at high risk for AIDS (3, 5, 8, 14) (17) . Viral production and purification was controlled by reverse transcriptase assay (16) , capture ELISA of HIV antigen (13) Table 2 ) the calculation was as follows; 0. The other calculations (see Tables 2 and 3) were performed similarly. Calculations of standard errors (SE) for percentages are based on the following formula: SE = 100VP(1 -P)/n, where P is the proportion. Restricted to the subset of specimens on which the GS ELISA was also performed.
RESULTS
Comparison between ELISAs and WBs. In Table 1 all possible comparisons between the three ELISAs, which were conducted once on each sample, are shown. The number of specimens tested by each compared pair and the percentages of agreements are also shown. For each assay the result is from the first time that the specimen was tested. No repeat test results were included to ensure that the comparison was made on comparably tested samples. Note that the results of the three tests are similar but not identical.
The first test from the three ELISA kits were compared with the WB test ( Table 2 ). The overall agreement with WB results was 95% for the GS ELISA, 94% for the DP ELISA, and 85% for the LT ELISA, after correcting for the sampling distribution. The ELISA results were divided into percentiles on the basis of quantitative results (Table 2 ). For the marginally positive DP ELISA results in the first sample test, the agreement with WB was 35% (7 of 20); and for the marginally negative LT ELISA results in the first sample test, the agreement with WB was 22% (2 of 9). This indicates a tendency for the first test of the DP ELISA to give false-positive results and the LT ELISA to give falsenegative results. Overall, the GS and DP ELISA results were in close agreement with those of WB, but the LT assay had poor agreement near the cutoff point.
Distribution of ODs. When ELISA was used to determine positive and negative results, few specimens should have had quantitative measurement values near the cutoff value. Figures 1, 2, and 3 show the distribution of ODs (or ratio of serum to positive control) for the three ELISAs. To be objective the distribution was based only on the first time that the specimen was tested. From the results (Fig. 1 to 3) it is clear that relatively few specimens were near the cutoff value by GS and DP ELISAs, whereas many more specimens were near the cutoff value by the LT ELISA. Note that for the GS ELISA 30% of the specimens were not randomly selected (because samples in the border region by LT and samples on which WB tests were done were designated for GS testing), and a higher proportion of these showed ODs near the cutoff value. Therefore, the separation between positive and negative would probably be even clearer in Fig.  1 if all the specimens had been tested.
The quantitative distributions of ELISA results were also plotted (data not shown) for the 685 specimens that were tested by all three ELISA kits. The results indicated that GS and DP ELISAs had relatively few specimens near the cutoff value and that the LT ELISA had many more. This comparison confirms the previous findings that included the larger number of specimens tested by LT and DP ELISAs.
Reproducibility of the ELISA. Confidence in results from the ELISA can be improved by repeat testing of the specimen. This is especially important if a result is near the cutoff value. quantitatively borderline positive ELISA results. The overall data in Table 3 indicate that the DP ELISA showed more unconfirmed primary positive results and that the LT ELISA showed more unconfirmed primary negative results. Identification of seroconverters. Thirty-six men seroconverted from HIV antibody negative to positive in the 6-month interval between visits, as defined by the WB results. The primary value of the GS ELISA agreed with that of the WB test in 34 subjects, and the values for the DP and LT ELISAs were 32 and 28, respectively ( Table 4 ). The pairs of ELISA results for the remaining unidentified seroconverters are also shown in Table 4 for the three kits. The DP and LT ELISAs labeled 11 and 49 participants, respectively, as seroconverters (negative first specimen, positive second specimen, taken 6 months later) that were unconfirmed by the WB test. The DP and LT ELISAs labeled 22 and 53 participants, respectively, as seroreverters (positive first test, negative second test) that were also unconfirmed by the WB test. For the specimens tested with the GS ELISA, four false seroconverters and no false seroconverters were found. Other investigators have considered the sensitivity and specificity of ELISA kits (1, 5, 15, 19) . We concentrated on other measures of the performance for three reasons. First, the four criteria used here evaluate a wider variety of measures of the performance of a test. Second, sensitivity and specificity are more relevant quantities for low-risk populations, rather than the high-risk population described here, in which the interpretation is complicated by a higher proportion of individuals that are in the process of seroconverting. Third, our findings concerning sensitivity and specificity could not be generalized to a broad population because specimens were not selected randomly for WB testing.
The samples tested were collected on two visits, 6 months apart, in an epidemiologic study of HIV infection in a high-risk population (homosexual men). In this study the different number of specimens tested by the three ELISAs could be a potential source of bias. However, (i) for the comparison with the WB results, the ELISA analysis was restricted to the set of specimens on which WB tests were also performed; (ii) for the characterization of seroconverter data, both specimens (pre-and postconversion) from 36 seroconverters, defined by WB results, were tested with all three ELISA kits; (iii) for the distribution of quantitative results, the general conclusion was the same when the analysis was restricted to the 685 specimens on which all three ELISAs were performed, as was found when all specimens were used; and (iv) for the reproducibility analysis, stratification of the sample according to the percentile of The damage caused by false-negative test results is also serious. A person who is informed that he or she is negative and then not properly followed could readily spread the virus through sexual contacts in the following months. The possibility of transfusing blood after such a false-negative test also underlines the need for high-quality, sensitive ELISAs.
The quantitative information from an ELISA is in the form of OD (or ratio of serum to positive control). It The quantitative values of the ELISAs contain useful information: it should not be viewed just as a means of deciding whether a specimen is positive or negative. Several dangers are inherent in ignoring quantitative ELISA results in the high negative range. If the quantitative value of the ELISA is near the cutoff value, the assignation of a positive or negative status should be viewed with some skepticism. The person (not the specimen) should be retested with serum obtained at a later date by using a good ELISA and, preferably, also the WB test or radioimmunoprecipitation. Our data suggest that the policy of ignoring negative ELISA results that are quantitatively near the cutoff value (e.g., in the high negative range) should be reexamined.
